General procedures.
Unless otherwise specified, all reagents were purchased from Sigma-Aldrich and used without further purification. 6-azido-2,2-dimethylhexanoic acid and 6-azido-2,2-dimethylhexanoic-3,3,4,4,5,5,6,6-d8 acid were synthesized following previously reported procedures. 1 A 2 with PEG4 or PEG12 were synthesized via modification of a reported procedure. 2 CuBr and Me 6 TREN were purified according to previously reported procedures 1 and transferred into a N 2 -filled glovebox before use.
Liquid chromatography-mass spectrometry (LC-MS) was performed on an Agilent 1260 LC system equipped with a Zorbax SB-C18 rapid resolution HT column and a Zorbax SB-C18 semi-preparative column. Solvent gradients consisted of mixtures of nano-pure H 2 O with 0.1% acetic acid (AcOH) and HPLC-grade acetonitrile (MeCN). Mass spectra were obtained using an Agilent 6130 single quadrupole mass spectrometer. 1 H nuclear magnetic resonance ( 1 H NMR) spectra were recorded on Bruker AVANCE-400 NMR spectrometers in the Department of Chemistry Instrumentation Facility at MIT. Chemical shifts are expressed in parts per million (ppm); splitting patterns are designated as s (singlet), d (doublet), t (triplet), m (multiplet) and br (broad). Coupling constants J are reported in Hertz (Hz).
Gel permeation chromatography (GPC) was performed on an Agilent 1260 Infinity system equipped with three PL gel columns (103 Å, 104 Å, 105 Å) in series. Tetrahydrofuran (THF) was used as the mobile Electronic Supplementary Material (ESI) for Chemical Science. This journal is © The Royal Society of Chemistry 2019 phase. The system was calibrated using narrowly dispersed polystyrene standards. A sample concentration of 0.5 mg/mL was used.
Details of the rheology instrumentation and experiments are provided in the relevant section below.
Synthesis of B 20H and B 20D .
Synthesis of polymer 1.
Styrene (3.0 g, 28.8 mmol), 4-vinyl benzyl acetate (0.92 g, 5.2 mmol), TEMPO (0.045 g, 0.288 mmol) and benzoyl peroxide (0.049 g, 0.202 mmol) were added to a 10 mL microwave reaction vial. The mixture was degassed with three freeze-pump-thaw cycles. The mixture was then heated to 95 °C and heated for 4 h under N 2 followed by additional stirring at 130 °C for 12 h under N 2 . The polymerization was quenched in a liquid nitrogen bath. After warming, the crude reaction mixture was dissolved in 10 mL THF and added dropwise into methanol. The precipitated polymer was re-dissolved in 10 mL THF and re-precipitated via dropwise addition into methanol. The product was dried on a Schlenk line under vacuum at room temperature to provide a white powder (3.1 g, 79% yield). (M n , GPC = 14,600, Đ = 1.16). 1 Synthesis of polymer 2.
To a 10 mL THF solution of polymer 1 (3.0 g) was added 10 mL 0. Synthesis of B 20H .
Polymer 2 (1 g, ~1.6 mmol -OH group) was dissolved in 10 mL CH 2 Cl 2 in a round-bottom flask. To the solution was added 6-azido-2,2-dimethylhexanoic acid (0.59 g, 3.2 mmol, 2 eq), 4-dimethyl aminopyridine (0.098 g, 0.8 mmol, 0.5 eq), and (3-dimethylamino-propyl)-Nʹ-ethylcarbodiimide hydrochloride (0.67 g, 3.52 mmol, 2.2 eq). The solution was stirred for 36 h. The reaction mixture was washed with water (2 × 10 mL) and brine (10 mL). The organic layer was added dropwise to methanol. The resulting polymer precipitate was re-dissolved in DCM, re-precipitated in methanol, and dried on a Schlenk line overnight under vacuum, yielding B 20H as a white powder (1.2 g, 93% yield). (M n , GPC = 17,300, Đ = 1.17). 1 
B 20D
The synthesis of B 20D was conducted using similar procedure as that of B 20H , except that 6-azido-2,2-dimethylhexanoic-3,3,4,4,5,5,6,6-d8 acid instead of the nonisotopic analogue was used. (M n , GPC = 17,300, Đ = 1.17, calibrated by polystyrene standards). 1 Figure S6 . Upon mixing of the reaction components, the vial was held on a vortex mixer for 30 s to ensure homogeneous mixing. Different polymer concentrations were obtained by changing the amount of NMP, polymer and crosslinker solution, and CuBr/Me 6 TREN solution, and 3 samples were made for each concentration. The samples were allowed to react for 24 h to achieve complete conversion. 
Network degradation.
The samples were removed from the glovebox and were exposed to 0.1 M KOH (5/95 H 2 O/DMSO) while vortexing. The samples were allowed to react for ~4 h prior to analysis by LC-MS.
Analysis of degradation products.
The degradation products were analyzed by LC-MS using the Single Ion Mode (SIM) feature. The principal isotope peak for each degradation product was extracted in the "Extract Ion" feature of ChemStation, and quantified using the integration feature for each extracted ion.
Rheology.
Gel samples (300 µL in total) for rheology were prepared in NMP in 4 mL vials. The vials were broken with a hammer to remove the gels, which were subsequently cut with an 8 mm hole puncher (purchased from McMaster-Carr) and transferred onto the rheometer. Rheology experiments were performed at 25 °C on a TA Instruments Discovery Hybrid Rheometer HR-2 rheometer with an 8 mm standard parallel steel plate geometry. Evaporation of NMP was negligible within the typical measurement time (< 20 minutes). 
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